with both tetrahedral and octahedral environment [8] . Both tetrahedral and octahedral Mn 2+ ions are reported to have exhibited luminescence emission in the green and red regions respectively in several glasses [9] [10] [11] . Both Mn 3+ and Mn 2+ ions are well known paramagnetic ions. Mn 3+ ion has a large magnetic anisotropy due to its strong spin-orbit interaction of the 3d orbital where as such anisotropy energy of Mn 2+ ion is small because its orbital angular momentum is zero.
When LiI-AgI-B 2 O 3 glasses are doped with multivalent transition metal ions like manganese mixed electronic and ionic, pure electronic or pure ionic conduction is expected depending upon the composition of the glass constituents. Electronic conduction in this type of materials is predicted due to The studies were also extended to spectroscopic properties viz., optical absorption, ESR and photoluminescence spectra so as to have some preassessment over the valance states of manganese ions and their coordination in the glass network; such information will facilitate the analysis of the results of electrical properties quantitatively.
For the present study, a particular composition (39-x)LiI-1.0AgI-60B 2 O 3 :
xMnO with x ranging from 0 to 0.8 ( in mol%) is chosen. The detailed compositions are as follows: 
Brief Review of the previous work on MnO glass systems
Scholz et al., [12] studied the silicate glasses doped with MnO. Small amounts of paramagnetic ions in the glass reduce the relaxation time but do not affect the electrode properties. In any case when the distribution of manganese ions is homogeneous, the relaxation rates are proportional to the MnO content.
The spin-lattice relaxation times of the different Q n species are similar within error limits. The best spectra were obtained using 0.1 mol% MnO.Krishna
Mohan et al., [13] Venkat Reddy et al., [14] studied the alkali fluoroborate glass systems containing manganese cations and have been thoroughly investigated in order to obtain information about the structural role of manganese in such glass hosts.
The amorphous phase of the prepared glass samples R 2 O-RF-B 2 O 3 :MnO (with R = Li and Na) was confirmed from their X-ray diffraction. From the infrared spectra of these glass systems it was concluded that the glass structure contains two group of bands; one due to trigonal BO 3 units and the second due to the tetrahedral BO 4 units. As manganese was introduced, replacing lithium or sodium, it acts as a network modifier and the intensity of the second group of bands increases at the expense of the first group of bands. 
Results and Discussion

Physical parameters
From the measured values of density, D, and calculated average molecular weight M , various physical parameters such as manganese ion concentration N i and mean manganese ion separation r i for these glasses are determined using the conventional expressions and are presented in Table 5 .1. The density of the glasses is found to increase considerably with the concentration of MnO. The increase of structural compactness, the modification of the geometrical configuration of the glassy network, changes in the coordination of the glass forming ions are the some of the factors that are responsible for the observed increase in the density. network [33] . However, the presence of these ions in tetrahedral positions is also reported in a number of glass systems [34] .The summary of data on the positions of various bands in the optical absorption spectra of LiI-AgI-B 2 O 3 :
DSC analysis
MnO glasses is presented in Table 5 .2.
The observed optical absorption bands are from the Mn 2+ ion ground state 6 A 1g to some quartet states and these are both spin and parity forbidden. (e g ) 1 and is therefore observed to be comparatively broad [29, 30] . Since all the excited states are spin quartet states, no spin allowed transitions would occur for Mn 2+ ions. Hence, Mn 2+ ions are characterized by weak bands as observed which arise due to the spin forbidden transitions.
The appearance of a clear broad band in the spectra of the glasses at about 490 nm (due to spin allowed ) and occupy octahedral positions [35, 36] . Table 5 .2, which leads up to a significant enlargement in the band gap as the concentration of MnO is increased. The spectra are characterized by six-line hyperfine structure centered at g ~ [37] , lead phosphate [38] , alkali sulphate glasses [30] .
5.3.3.(b) ESR spectra
For Mn 2+ ion, if we neglect the nuclear Zeeman term, the spin Hamiltonian term can be written as,
Where  B is the Bohr magneton, g is electronic g factor, B is the Zeeman field, S is Mn 2+ electronic spin =5/2, I is the Mn 2+ nuclear spin = 5/2, A is the hyper fine interaction tensor and D and E are non-axial zero field splitting parameters. and E/D = l/3 is due to magnetically isolated Mn 2+ ions in tetragonally (and or rhombically) distorted octahedral sites of symmetry subjected to strong crystal field effects [40] , and arises from transitions between the energy levels of the middle Kramers doublet . The intensity (  ) of the EPR signal is assumed to be proportional to the product of the peak-to-peak height (I) and the square of its width (B) [8] :
The dependence of this factor, for g eff  2.0 resonance is shown as an inset of 
(c) Luminescence studies
The room temperature fluorescence spectra of LiI-AgI-B at the expense of octahedral occupancy.
Electrical conductivity
(a) Ac conductivity
The impedance spectra for the Mn 4 glass at 473 K and its corresponding electrical circuit used to generate the spectrum are shown in It should be noted that the complex impedance plot in the wide frequency range was single semicircle for all glasses with no straight spur typical for ionic conductors. This means that the dominant conduction mechanism is polaronic around this temperature. show a universal feature [48] where at low frequency region the conductivity is independent of frequency and corresponds to the dc conductivity, σ dc of glass, whereas at higher frequency exhibits dispersion in power law fashion. It is noted that the dispersion starts at a higher frequency as the temperature increases. However, at low temperature and frequency the leveling-off of the conductivity is not distinct. In fact this parameter depends on the glass composition and the limit of measurement temperature. The low values of exponent 's' (< 1) arises from the distribution of the cluster sizes (determined by mutual correlations between dipoles formed in the system) and the distribution of their relaxation rates [50] .
Sidebottom [51] while explaining the conduction mechanism in alkali phosphate glasses, concluded that exponent s depends upon the dimensionality of the local conduction space and it increases with decreasing dimensionality. Based on these studies the observed decrease of 's' may be attributed to shrink in dimensionality of conducting space with increase in the content of MnO [51, 52] . The low temperature part of the conductivity (temperature independent part) at least upto 300 K quantum mechanical tunneling model (QMT) model the seems to be applicable for these glasses also as discussed in Chapter 3  The value of N(E F ), i.e., the density of defect energy states near Fermi level, for a frequency of 1 k Hz at T = 253 K, taking  = 0.52 (Å) -1 (obtained by plotting log  ac against R i ) and  0 ~ 5x10 12 Hz, is computed using Eq. (3.8),
and presented in Table 5 .4 (a). The value of N(E F ) is found to decrease from glass Mn 1 to glass Mn 8 indicating decreasing presence of defect energy states or free charge carriers for conduction in the in the glass network.
5.3.4.(b) Dc conductivity
The dc resistance (R) of all glasses in this series was obtained from fitting procedure using impedance spectra. The dc conductivity, σ dc , was calculated using sample dimensions. The evaluated dc conductivity variation with 1/T is shown Fig. 5 .8 for all the glasses. Similar to ac conductivity the dc conductivity also found to decrease with increase in the concentration of MnO.
The dc conductivity of the LiI-AgI-B 2 O 3 : MnO glasses for the hopping of the small polarons is given by [46, 47] . This is principal factor for the decrease in the conductivity. To be more quantitative, the ionic conduction in this type of glasses is the height of the energy barrier that the conducting ions (Li + and Ag + in this case) should overcome. According to Anderson and Stuart model [56] , the two principal conductivity controlling factors are, the electrostatic binding energy that arises from Columbic force acting on the ions as they move away from their charge compensation sites and the migration energy against the mechanical forces acting on the ion as it dilates the structure sufficiently to allow it to move between equilibrium sites in the glass network.
Further, the polarons involved in the process of transfer from Mn 2+ to Mn 3+ are attracted by the oppositely charged Ag + and Li + ions. This cationpolaron pair moves together as a neutral entity. As expected, the migration of this pair is not associated with any net displacement of the charge and thus does not contribute to electrical conductivity. As a result, there is a decrease in the conductivity [57] . In other words, with the entry of network modifying Ag + and Li + ions into the glass network, the electronic paths are progressively blocked causing an inhibition of the electronic current in this region The activation energy W dc for the d.c conductivity can be expressed as [58] ,
where W H is the polaron hopping energy, W D is the disorder energy and  D is the Debye temperature. The polaron hopping energy is evaluated using the Eq.
3.3 and presented in Table 5 .4 (b).
To explore the nature of the hopping conduction in LiI-AgI-B 
Dielectric properties and relaxation studies
The frequency dependence of dielectric constant '() and dielectric loss peak Tan and (b)). It can be seen that () is less dependent of frequency at lower temperature whereas exhibits the plateau at higher temperature. With increasing temperature especially at lower frequency () shows an enormous increase attributed to the electrode polarization.
The variation of dielectric loss, tan , with temperature, shows a distinct maximum ( Fig.5. 10(b) ). With increasing frequency and temperature maxima shifted towards higher temperature indicating the dielectric relaxation character of dielectric loss peak for these glasses. It should be noted that the dielectric loss peak is positioned at low frequency region where the conductivity is dominated by dc conductivity. The relaxation effects in the studied glasses are obviously due to octahedrally positioned divalent manganese ions [62] .
We have compared the dielectric loss plots with the temperature at different frequencies for all the glasses; the comparision indicated that with the increase in the concentration of MnO in the glass network, the frequency region Out of electronic, ionic, dipolar and space charge polarizations, it is the space charge polarization that is responsible for increase of dielectric constant with the increase in the temperature at any frequency. Normally, the modifying ions (octahedral Mn 2+ ions, Li + and Ag + ions in this case) generate bonding defects (dangling bonds) in the glass network. The defects thus produced create easy path ways for the migration of charges that would build up space charge polarization and facilitate to an increase in the dielectric parameters [63, 64] .
With the gradual increase of the MnO content in the glass matrix, the values  ' , tan  are found to decrease at any frequency and temperature; this is an indication of a decrease in the space charge polarization.
Fig5.9 The frequency dependence curves of (a) dielectric constant, ε'(ω) and (b) dielectric loss, tan  at different temperatures for Mn 2 glass. The electrical modulus formalism is being extensively used for studying electrical relaxation behavior in ion conducting materials. The advantage of this representation is that the electrode polarization effects are minimized in this formalism [65] . In the modulus formalism, an electric modulus M* is defined in terms of the reciprocal of the complex dielectric constant * as described in where Table   5 .4(a). The value of  M is found to increase with the increase in the content of MnO in the glass network.
Further, the way the dielectric loss and M″ vary either with frequency or temperature suggests the spreading of relaxation times, such spreading is possibly due to the coupling of individual relaxation processes, one site needing to relax before the other can do so; even if each relaxation site has the same value of τ the coupling between them ensures that the time domain is effectively stretched leading to the spreading of relaxation times as observed [66, 67] . Finally it is concluded that there is an increasing electrical rigidity (or insulating strength) of LiI-AgI-B 2 O 3 glass samples with increase in the content of MnO in the glass network.
